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Clinical Medicine Insights: Blood Disorders turn increase platelet synthesis. 19 Despite the fact that eltrombopag and romiplostim received FDA approval for adult patients with chronic immune thrombocytopenia (CITP), [20] [21] [22] [23] [24] until recently there is no product approved for patients with CLD that require the invasive procedure. On the contrary, the trial conducted to evaluate the efficacy of eltrombopag for patients with CLD that need to undergo the invasive procedure was discontinued due to increased risk of thromboembolic events. 24 The new second-generation TPO-R agonists approved by FDA, lusutrombopag and avatrombopag, found to provide an alternative for the management of thrombocytopenia associated with CLD. Therefore, this review is concerned with the pathogenesis of thrombocytopenia, its impact on CLD management, and evidence on the role of TPO-R agonists with particular focus on avatrombopag in the treatment of thrombocytopenia related with CLD.
Methods Used for Data Extraction
The articles were searched from July 20 to August 30, 2018, using Boolean Operators (AND, OR) to combine different key terminologies that assisted to obtain data related to the use of avatrombopag in the management of thrombocytopenia in CLD. These key terms were as follows: "avatrombopag," "doptelet," "AKR501," "AKR 501," "AKR-501," "YM477," "YM 477," "YM-477," "Thrombopoietin receptor agonist*," "chronic liver disease," "liver cirrho*," "low platelet count*," "platelet deficiency," and "thrombocytopen*." Truncation was utilized to extend the likelihood of securing pertinent articles/ topics concerning with the use of avatrombopag in patients with thrombocytopenia. To retrieve the required information, databases indexed to MEDLINE, EMBASE, and COCHRANE library were searched using key terms and 83 articles were identified. The articles were screened by removing duplicate, titles and abstract not consistent with the topic of interest, abstract in which full text is not accessible, and full texts which are not related to the present study. Accordingly, 79 references were included in the study, and after critically reviewing, only 8 original articles were identified and used to summarize the clinical use of avatrombopag, its pharmacology, pharmacokinetics, and toxicological profiles. Regarding the drug of interest, avatrombopag, the important information linked to primary and secondary endpoints of clinical studies and preclinical data were searched. Moreover, relevant data for the undergoing study of clinical trials of avatrombopag use for various thrombocytopenias such as thrombocytopenia linked to CLD, CITP, anticancer drugs, and antiviral drugs like interferon were extracted from the clinical trial website of the National Library of Medicine (www.clinicaltrials.gov).
Factors lead to the development of thrombocytopenia
Thrombocytopenia refers to the reduction in platelet count below the level required for normal physiological function (ie, <150 × 10 9 /L). It also indicated a condition wherein accomplishing invasive procedure consisting of liver biopsy and administration of an antiviral drug, interferon, could be fatal for the patients (ie, <50-75 × 10 9 /L), or a situation that needs a transfusion of platelets to undertake the procedure (ie, <10 × 10 9 /L). Thrombocytopenia causes a critical problem in patients with CLD by complicating a procedure need to be carried out or certain drug administration for the patients. Thus, it may cause interruption of chemotherapeutic drugs to be used for diverse cancerous situations and surgical procedures need to be performed for the patients. 5 A number of factors are responsible for the development of thrombocytopenia; some of these causes are hepatitis C virus (HCV) infection, sequestration of platelets in spleen, impairment of bone marrow that leads to a decrease in platelet production, and reduction in the activities of TPO. 12, 25 In most instances, thrombocytopenia became reportedly associated with a sizable pooling of platelets in the enlarged spleen due to portal hypertension. Nevertheless, treatment targeted to portal hypertension could not always reverse thrombocytopenia, and decrement in the synthesis of platelet has been observed in the absence of hypersplenism; this could indicate the presence of other factors that are accountable for the development of thrombocytopenia. In addition to the destruction of platelet in the spleen, autoantibodies produced against platelets lead to the incidence of thrombocytopenia. 12, 26 Besides, a condition such as liver disease due to HCV and alcohol will deteriorate bone marrow function which ultimately causes a decrease in platelet production. 27, 28 In patients with chronic HCV infection, the plateletspecific immunoglobulin level was increased in a proportional manner to the degree of severity of CLD. The increase in immunoglobulin in turn associated with immune complexcoated platelets that lead to reduce the number of platelet count via accelerating its removal and destruction. 29, 30 Moreover, the major mechanism by which interferon increased the risk of thrombocytopenia and neutropenia is through inhibition of bone marrow function and progenitor cells of hematological lineages. 4 Overall, the prominent factors associated with a low level of platelet count or thrombocytopenia in the cirrhotic patient is due to a reduction in TPO in the liver and sequestration of platelets in spleen. 31 Finally, though the degrees may vary from drug to drug (eg, busulfan affects pluripotent stem cells, cyclophosphamide affects the later stage of megakaryocyte progenitors, and Bortezomib inhibits nuclear factor kappa B, a critical regulator of platelet shedding), anticancer drugs strongly influence megakaryocyte and platelet synthesis by interfering with blood cell producing machinery. Furthermore, anticancer drugs may also accelerate platelet removal through an immune-mediated mechanism that leads to the development of thrombocytopenia. 32
The Impact of Thrombocytopenia in the Management of Various Liver-Related Cases
Thrombocytopenia has frequently complicated the management of patients with CLD who require treatment for their Abdela 3 underlying disease or need to undergo invasive procedures. 4 It is well known that thrombocytopenia limits the effective treatment options of the following cases observed in patients with liver cirrhosis.
HCV infection management
HCV infection is considered as one of the major problems that lead to a severe stage of liver disease as well as liver transplantation in Europe and the United States. 33 To restrict the advance of the disease to a severe stage of liver cirrhosis, antiviral drugs play a sizable role to meet with a goal set to produce sustained virologic response or to eliminate HCV RNA from the serum after 6 months of treatment as well as reduce the risk of liver transplantation. Nevertheless, what is a big challenge to the successful treatment of HCV infection is antiviral druginduced thrombocytopenia. This condition, in turn, leads to adversely affecting patient care and increasing the risk of morbidity and mortality of the patients. 2, 34, 35 Despite the fact that clinical practice may vary, an antiviral drug such as pegylated interferon (PEG-IFN) is to be avoided when platelet counts fall below 25 to 50 000/µL or the dose need to be reduced when platelet counts fall below 5000 to 100 000/µL to reduce the risk of thrombocytopenia. 2 Moreover, severe thrombocytopenia has been considered as a contraindication for PEG-IFN treatment initiation and maintenance. 4 This condition was further strengthened by a retrospective multicenter study from Europe that consists of 466 patients with platelet counts <100 × 10 9 /L in which about 184 of 466 (39.5%) were unable to take IFN-based therapy during an investigation. The management was discontinued because of various clinical problems such as liver cirrhosis (16.3%), thrombocytopenia (16.3 %), and age above 60 years (10.9%). Overall, in this study, the proportion of patients who failed to receive antiviral drugs due to thrombocytopenia is accounted for 4.9%. 36 In addition, in the study involving 1538 patients with chronic HCV infection, 6.5% of the patients did not receive antiviral drugs because of the presence of thrombocytopenia. 37 However, the development of PegIFN-free direct-acting antiviral agents currently reduced the challenge associated with thrombocytopenia that limits the treatment of HCV infection. 38 
Impeding invasive procedure
Most of the time, cirrhotic patients require medical procedures for diagnosis and treatment, some of which are invasive. However, thrombocytopenia increases the risk of bleeding from such invasive procedures and delays the routine care provided for the patients. 2 Some studies have found no increase in the risk of bleeding in patients with platelet counts above 50 000/µL undergoing these procedures. 2, 39 Most of the physicians try to suspend invasive procedures associated with the risk of bleeding in patients with CLD until the patients' platelet count rises to the required level to minimize the risk of potential bleeding related with the procedures. Various treatments such as dental procedures are postponed as a result of the risk of bleeding associated with thrombocytopenia. 2 Taking these challenges into account, novel drugs that increase platelet counts through stimulation of TPO-Rs received more attention and are being investigated as an alternative treatment for thrombocytopenia in patients with CLD.
Challenge in the management of cancerous condition
Thrombocytopenia causes a critical problem in the management of various cancer types which in turn increased the risk of morbidity and mortality among patients suffering from cancer. 40 When platelet counts become <10 000 and <50 000/µL, the conditions lead to spontaneous bleeding and obstacle the operation procedures, respectively. As chemotherapy and radiation therapy are known to impair bone marrow, initiation of these therapies in thrombocytopenic patients is the major challenge due to the risk of exacerbation of thrombocytopenia and associated with a high risk of bleeding. 32 Overall, the advantage of anticancer drugs is significantly influenced by the incidence of thrombocytopenia which limits the use of appropriate doses and necessitates dose reduction that leads to the subtherapeutic effects of the drugs. 10
Biology and History of TPO-R Agonist Development
Thrombopoietin acts by interacting with specific cell surface receptor encoded by Mpl. Mpl gene was initially identified as a proto-oncogene for murine myeloproliferative leukemia virus. It is also present on the cell surface of megakaryocytes, platelets, and hematopoietic stem cells. The actual macromolecule that interacts with TPO is c-Mpl, which is a type 1 homodimeric receptor existing as inactive state under normal physiologic condition. 41 When the ligand, TPO, comes and interacts with c-Mpl, a range of signal transduction occurs through the JAK and STAT pathways that become phosphorylated and enhance cell growth, and also involved in the activation of MAP kinase pathways, 42 which contributed for the production of platelets. The effect of TPO binding to its receptors and the associated consequences were displayed in Figure 1 .
Thrombopoietin was first introduced in 1958 when it was known to control the production of platelets just as erythropoietin did in controlling red blood cell synthesis. 42 Thrombopoietin was cloned in 1994 and considered as important hematopoietic cytokine that facilitates megakaryopoiesis. 43 Recombinant full-length human TPO and pegylated recombinant human megakaryocyte growth and development factor (PEG-rHuMGDF) were the 2 firstgeneration TPOs that undergone clinical trials as well as used for the prevention of thrombocytopenia related to hematopoietic stem cell transplantation or anticancer drug used for hematological malignancies. [44] [45] [46] Both in animals and human subjects, the aforementioned drugs were able to enhance megakaryocyte growth and platelet production. Various trials indicated the efficacy of TPO in patients with anticancer drug-induced thrombocytopenia and immune thrombocytopenia (ITP). 42 Nevertheless, none of these drugs are approved and marketed for the treatment of thrombocytopenia as they increased the risk of thrombocytopenia and pancytopenia by neutralizing antibody through crossreacting with the endogenous TPO (eTPO). [46] [47] [48] These are caused by their antigenicity that halts the further investigation and limits the development of recombinant TPOs. 42 However, intravenous administration of recombinant human TPO (rhTPO) has not been associated with the development of immunogenicity. 49, 50 Thrombopoietin plays a significant role in regulating the production of platelets by interacting with c-Mpl receptors. It is mainly produced in the liver, kidney, and bone marrow. 51 The c-Mpl receptor serves as a crucial target to facilitate the investigation of new second-generation drugs such as TPO peptide, TPO nonpeptide, and TPO antibody mimetics those that are free from immunogenicity for the treatment of thrombocytopenia. 52 These agents have no any common homology with the primary sequence of TPO and compete with the native molecule for c-Mpl binding. Nevertheless, they are able to bind to c-Mpl receptors and activate it. 49, 53, 54 Thrombopoietin peptide mimetic, romiplostim (formerly, AMG 531), and TPO nonpeptide mimetic, eltrombopag (SB 497115-GR), were approved by FDA for the treatment of CITP patients who were refractory to the prior therapy in 2008. 52 Currently, different drugs belonging to these categories are under investigation and also being approved for the management of some of the thrombocytopenic conditions.
Overview of TPO-R Agonists That Received FDA Approval
Romiplostim is one of the TPO-R agonists that received FDA approval by August 2008. It is an Fc-fusion protein that promotes the production of platelet by a mechanism related to that of naturally occurring eTPO. Although there is a similarity between romiplostim and eTPO in terms of their mechanism of action, romiplostim did not share same amino acid sequence homology with eTPO, and this reduces the chance of antibodies to romiplostim to bind to eTPO and inducing thrombocytopenia which is common with first-generation TPO. 55 Subcutaneous administration of romiplostim in a dose that ranges from 1 to 10 µg/kg per week in patients with thrombocytopenia is reported to maintain platelet counts to >50 000/µL. 56 According to the study conducted in 2 phase-III placebo-controlled studies in splenectomized and nonsplenectomized 142 patients, weekly administration of romiplostim over a period of 24 weeks in patients with CITP resulted in favorable response in about 83% of patients (ie, platelet counts ⩾50 × 10 9 /L for a period of 4 weeks on study) and the response of platelet count to romiplostim lasts longer in about 49% of patients. 20 In addition, phase I/II study carried out on pediatric patients with chronic immune thrombocytopenia (CIPT) illustrated 17 children who used romiplostim, 15 (88%) of them achieved platelet count of ⩾50 × 10 9 /L for 2 consecutive weeks whereas 5 children who used placebo did not show any improvement (P = .0008). 55 Moreover, another study conducted by administering romiplostim preoperatively for patients with chronic HCV infection and liver cirrhosis showed that out of 35 patients registered for the study, 33 of them achieved the desired target platelet count of 70 × 10 9 /L from the baseline which was 31 × 10 9 /L that facilitates the invasive procedure. 57 Eltrombopag is an orally available, nonpeptide acting as a TPO-R agonist. The drug interacts with its corresponding TPO-R on megakaryocyte precursors and megakaryocytes, and facilitates their proliferation and differentiation to enhance the production of platelets. 4 The drug is structurally unrelated to eTPO and noncompetitively interacts with TPO-R. Eltrombopag has a unique binding site from that of eTPO on c-Mpl; therefore, it may have additive effects in the presence of TPO signaling which could lead to an additional proliferation of megakaryocyte. 41 According to a phase-II trial conducted to evaluate the efficacy and safety of eltrombopag by involving 117 subjects, the study assigned 29 patients to placebo, whereas 30, 30, and 28 patients were assigned to 30, 50, and 75 mg of eltrombopag doses, respectively. Compared with placebo, the increment in platelet counts ⩾50 000/µL was observed in a dose-dependent fashion in which a statistically significant difference was reported with 50 and 75 mg of eltrombopag. On day 43 of the study period, the median rise in platelet count of placebo-treated group vs various doses of eltrombopag (30, 50, and 75 mg) was found to be 16 000 vs 26 000, 128 000, and 183 000/µL, respectively. 58 In addition, report from 2 phase-III randomized controlled trials of ENABLE-1 (n = 715) and ENABLE-2 (n = 805) illustrated the efficacy of eltrombopag in increasing the number of platelets as well as facilitating initiation and maintenance of antiviral therapy with PEG and ribavirin (RBV ) in patients with hepatitis B virus (HBV ) infection. Accordingly, eltrombopag-treated group produced sustained viral response in both trials as compared with placebo (ENABLE-1, 23% vs 14%, P = .0064; ENABLE-2, 19% vs 13%, P = .0202). In ENABLE-1 and ENABLE-2, 69% and 81% of eltrombopag-treated patients vs 15% and 23% of placebo-treated patients were reported to maintain platelet counts of ⩾50 000/mL throughout the antiviral treatment phase respectively (Table 1) . 59 PETIT and PETIT-2 were phase-II/III and phase-III randomized controlled trials, respectively, that were designed to assess the safety and efficacy of eltrombopag among pediatric patients with CITP. The study involved children with the age of 1 to 17 years in whom ITP lasted for 6 months or more and a platelet count of <30 × 10 9 /L. On the basis of results of both studies, PETIT and PETIT-2, for children ⩾6 years of age, the beginning dose is 50 mg per day whereas for those who are between 1 and 6 years, 25 mg per day of eltrombopag doses were recommended. Based on the patients' response, the dose was titrated to reach a goal of platelet count set to be 50 × 10 9 /L and not to go beyond 200 × 10 9 /L, and the maximum dose of eltrombopag after dose titration is 75 mg per day. Accordingly, in phase II/III of PETIT, 62% of children with IPT achieved platelet counts of ⩾50 × 10 9 /L from a baseline of <30 × 10 9 /L, whereas in phase-III trials of PETIT 2, 36% of children with 1-5 years, 42% of children with 6 to 11 years, and 39% of children with 12 to 17 years obtained the desired level of platelet counts of ⩾50 × 10 9 /L from the baseline which is <30 × 10 9 /L (Table 1) . 41, 60, 61 Regarding adverse events (AEs), permanent discontinuation of antiviral drug therapy occurred in 27% of patients on placebo vs 19% patients on eltrombopag treatment due to AEs. With respect to ENABLE-1 study, 17% vs 28%, and in ENABLE-2, 21% vs 26% of eltrombopag and placebo-treated group discontinue antiviral treatment, respectively. On the contrary, the incidence of cataracts in ENABLE-1 was 8% vs 3% for eltrombopag and placebo, respectively, whereas the incidence was not statistically different in ENABLE-2 (eltrombopag, 7%; placebo, 6%). Moreover, headache, fatigue, gastrointestinal disorders, nausea, and diarrhea were the most commonly observed adverse effects in both studies. Nevertheless, the increase in blood bilirubin level and malignant hepatic neoplasm were among AEs assigned to be grade 3 and above in terms of their severity in both ENABLE-1 and ENABLE-2 studies. 59 Overall, in PETIT and PETIT-2, the most common adverse effects reported during the trial period include headache, upper respiratory tract infection, nasopharyngitis, diarrhea, and transaminitis. 60, 61 In the lusutrombopag trial of phase-IIb placebo-controlled study that involved 61 patients with CLD, 15 patients were assigned to the placebo-treated group whereas 15, 16, and 15 patients were assigned to 2, 3 and 4 mg of lusutrombopag doses, respectively. The finding of the study indicated that the proportion of patients with CLD who did not require platelet transfusion before the procedure of radiofrequency ablation, as compared with placebo-treated group which is only 20%, was (80.0%, P = .0006), (81.3%, P = .0014), and (93.3%, P = .0002) with 2-, 3-, and 4-mg treated groups, respectively ( Table 1) . Besides the number of days (mean ± SE) in which lusutrombopag-treated patients maintained platelet count ⩾50 × 10 9 /L and did not require platelet transfusion was 21.22 ± 1.56 for 2 mg, 21.76 ± 1.66 for 3 mg, and 24.23 ± 1.67 for 4 mg treated groups, whereas that of placebo-treated group was found to be 4.33 ± 1.57. 64 In addition, a case report of a 56-year-old Japanese man showed that administration of lusutrombopag for 7 days rises platelet counts from 33 000 to 50 000/mm 3 . 65 Similarly, administration of 3 mg of lusutrombopag 1 week prior to the initiation of hepatocellular carcinoma (HCC) treatment in a 62-year-old Japanese woman with a history of HCC treatment and HCV infection with the platelet count of 38 000/µL indicated platelet count increased to 98 000/µL from its baseline. Moreover, this report also demonsterated platelet counts went beyond the required level and led to discontinuation of treatment 5 days after the treatment was initiated. Therefore, this condition facilitated the treatment of HCC with invasive procedure of transcatheter arterial chemoembolization, and percutaneous radiofrequency ablation without the need for rescue platelet transfusion. 66 In addition, the efficacy of lusutrombopag administration was also reported with the other 2 cases. Accordingly, the administration of lusutrombopag increased 6 
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platelet counts from 20 000 to 40 000/µL in a 50-year-old man who developed cirrhosis due to HBV infection and alcohol consumption, whereas in a 30-year-old woman who developed cirrhosis due to HBV infection, the administration of the drug increased platelet counts from 41 000 to 68 000/ µL. In both cases, the use of lusutrombopag administration led to an increase in platelet count, and partial splenic embolization was performed safely. 67 Moreover, the drug of interest for this review, avatrombopag, also showed superior clinical efficacy among patients with CLD in raising platelet count to ⩾50 × 10 9 /L from baseline as compared with placebo and reducing rescue treatment and platelet transfusion during the invasive procedure as reported by ADAPT-1, ADAPT-2, Cohort A, and Cohort B controlled trials (Table 1) . 62, 63 
Avatrombopag: Chemistry, Pharmacology, Clinical Trials, Efficacy, and Toxicological Profile Chemistry
The international union of pure and applied chemistry (IUPAC) name of avatrombopag is 1-(3-chloro-5-{[4-(4-chlorothiophen-2-yl)-5-(4-cyclohexylpiperazin-1-yl)-1, 3-thiazol-2-yl]carbamoyl}pyridin-2-yl)piperidine-4-carboxylic acid, 68, 69 and its chemical formula is C 29 H 34 Cl 2 N 6 O 3 S 2 (see Figure 2 ).
Mechanism of action of avatrombopag
Avatrombopag is a small molecule nonpeptide that stimulates TPO-R. 71 Similar to other TPO-R agonists, avatrombopag is thought to interact with and stimulate TPO-R that mediates a cascade of cellular events through signal transduction by activating Janus kinase/signal transducer and activator of transcription ( JAK-STAT) and Shc-Ras-Raf-ERK signaling pathways and finally promoting megakaryocyte differentiation into platelets. 63 The binding site for avatrombopag on TPO-R is unique and separates from that of an eTPO-R agonist; therefore, avatrombopag does not interfere with the activity of eTPO receptors, rather it complements and produces additive effects that increase platelet production. 69, 71 
In Vitro and In Vivo Preclinical Evaluation of the Activities of Avatrombopag
In vitro studies have shown that avatrombopag stimulates the proliferation of human c-Mpl-Ba/F3 cells with EC50 of 33 ± 2 nmol/L and enhances megakaryocytic colony formation from human CD34 + cells (EC50 24.8 ± 78 nmol/L). The maximum effect produced by AKR-501 is found to be equivalent to that of rhTPO. In a similar manner to rhTPO, AKR-501 causes stimulation that leads to tyrosine phosphorylation of STAT3 and STAT5 as well as threonine phosphorylation of ERK cells. Besides, AKR-501 mediates species-specific tyrosine phosphorylation of STAT5 in human and chimpanzee blood platelets similar to rhTPO. However, unlike rhTPO, AKR-501 did not promote tyrosine phosphorylation of blood platelets extracted from an olive baboon, cynomolgus monkey, rhesus monkey, common marmoset, squirrel monkey, beagle dog, guinea pig, rabbit, rat, and hamster. 68 Another in vitro study also evaluated the effect of AKR-501 and TPO combination, AKR-501 alone, or TPO alone in a serum-free liquid culture system that composed of human peripheral blood CD34 + . Following culturing, flow cytometry was used to measure the number of CD34 + CD41cells, CD34 + CD41 + cells, and CD34 -CD41 + cells. Based on this study, on day 14, both AKR-501 and TPO separately found to raise the number of megakaryocytes in a proportional manner to their doses, in which the ceiling effect of AKR-501 is concordant with that of TPO. Combination of 3 µM AKR-501 + 3 nM TPO found to raise the number of megakaryocytes approximately by 200% more as compared with a single use of 3 nM TPO. 69 In addition, in vivo evaluation of oral avatrombopag found to increase the number of human platelets in a dose-dependent fashion in mice transplanted with human hematopoietic stem cells. 72 Therefore, these in vitro and in vivo data illustrated significant therapeutic value of avatrombopag for the management of various thrombocytopenias that are associated with ITP, CLD, and cancer chemotherapeutic drugs. 73 
Clinical Evaluation of Avatrombopag (YM 477, AKR-501, and E5501) for Various Thrombocytopenias
From its inception to now, avatrombopag is being evaluated for various disorders of thrombocytopenia associated with CLD, immune thrombocytopenic purpura, and anticancer drugs. Therefore, this review tried to summarize the major findings of different clinical trials related to the aforementioned issues.
Phase-I study
As per the results of 2 double-blind, dose-rising, placebo-controlled phase-I studies in healthy adults reported by Kuter and Allen, 73 63 individuals who fulfilled the required criteria were registered to a single-dose study of avatrombopag (1, 3, 10, 20, 50, 75 , and 100 mg) and 9 participants were assigned to each of these doses, whereas in each cohort, 6 participants took avatrombopag while the remaining 3 of them used placebo. In the multiple-dose study population, 29 subjects were assigned, in which 9, 11, and 9 subjects were assigned to 3, 10, and 20 mg cohort studies, respectively. However, when the dose was increased to 20 mg, all participants of the study experienced a higher level of platelet counts than prespecified pharmacodynamic limit after 10 to 11 days of drug administration (ie, platelet counts ⩾500 × 10 9 /L). Due to this reason, assignments of study subject to 50 or 100 mg dose cohorts were excluded. With regard to pharmacokinetics, after a single-dose administration of avatrombopag, detectable plasma concentration was achieved 0.5 to 1 hour later, whereas maximum plasma concentration was obtained at 4 to 6 hours after the drug was administered. In the multiple-dose study, after the first-and repeated-dose administration of avatrombopag, measurable plasma concentration obtained after 0.25 to 1 hour, whereas maximum plasma concentration was observed 4.5 to 6 hours after the first dose and the last dose on day 14. In terms of pharmacodynamics, in a single-dose study, avatrombopag dose less than 10 mg did not result in improvement of platelet count, while doses ranged from 10 to 100 mg were associated with an increase in platelet count significantly after 6 to 10 days of administration. On the contrary, in multiple-dose study, increment in platelet counts from baseline was demonstrated by 3, 10, and 20 mg though a significant change was detected only at a dose of 10 and 20 mg of avatrombopag after 3 to 5 days of administration.
Phase-II study
As reported by Terrault et al, 63 phase-II study of avatrombopag assesses the safety and efficacy of the drug in the management of thrombocytopenia in patients with CLD who has planned to have an elective procedure. The study categorized 93 participants engaged in the study into 2 cohorts: cohort A involved 51 subjects and cohort B involved 42 participants. With respect to efficacy, the results of the 2 cohorts demonstrated that the proportion of responders among all avatrombopag-treated patients was 48.4% vs 8.1% in the combined placebo group (P < .0001). Taking into account the primary endpoint that dictates increment of platelet count to be ⩾20 × 10 9 /L above baseline and at least 1 platelet count >50 × 10 9 /L from days 4 to 8, when compared with placebo, the proportion of the patients who achieved primary endpoint of platelet count in cohort A was 49% vs 6.3%, whereas in cohort B, it was found to be 47.6% vs 9.5%. On the contrary, the proportion of patients who met the desired goal of platelet count were increased in both cohorts A and B when the loading dose was incorporated with the maintenance doses, in which the higher response was observed with the larger maintenance dose. Accordingly, in cohort A, the proportion of patients who obtained the required level of platelet count increased from 38.9% to 76.6% with 100/20 and 100/80 mg doses, respectively, whereas in cohort B, the proportion of patients who obtained the required level of platelet count increased from 42.9% to 52.4% with 80/10 mg arm and 80/20 mg doses, respectively. Moreover, in both cohorts A and B, avatrombopag produced a significant change in platelet count in a large number of respondents as compared with placebo (P < .01), except 100/40 mg treated group in cohort A (P = .17) which did not show statistical significance.
Another phase-II study reported by Bussel et al 74 indicated that 64 patients with persistent and CITP received various doses of avatrombopag for a period of 28 days to assess the safety and efficacy of the drug, whereas in extension phase, 53 patients who completed randomized study received avatrombopag for a period of 24 weeks to assess its safety and tolerability. With regard to efficacy in a randomized study, a large number of patients who received avatrombopag obtained a higher platelet count than the placebo group. Out of 64 patients involved in the randomized study, 13%, 53%, 50%, and 80% of those who received 2.5, 5, 10, and 20 mg doses of avatrombopag, respectively, obtained a rise in platelet count of ⩾50 and ⩾20 × 10 9 /L from a baseline at day 28 vs 0% for placebo. Moreover, treatment with 20 mg of avatrombopag resulted in significantly higher response (80%) in relation to 0% in placebo (P = .0036). In addition, the proportion of patients who achieved platelet count ⩾100 × 10 9 /L on day 28 is 53% for those patients treated with 20 mg of avatrombopag and 6.7% for those patients treated with 2.5 mg of avatrombopag. Coming to the extension phase, of 53 individuals involved in the study, 76% of participants favorably respond to avatrombopag, whereas 53% of participants were able to produce a sustained response. Overall, in the extension study, platelet counts raised from 22 × 10 9 /L at baseline to 56 × 10 9 /L at week 4 (n = 51) and to 112.5 × 10 9 /L at week 24 (n = 38) in participants engaged in the study. Among participants respond to avatrombopag in a 4-week randomized study, 72% obtained sustained response while only 36% of nonrespondents of the randomized study produced the sustained response in the extension study.
Phase-III study
The primary endpoint of 2 phase-III study reported by Terrault et al 75 is the proportion of patients who did not require a platelet transfusion or rescue procedure for bleeding after randomization and up to 7 days after a scheduled procedure in patients with CLD. In ADAPT-1, a total of 149 patients were randomized to avatrombopag and 82 patients to placebo in the 2 baseline platelet count cohorts, whereas in ADAPT-2, 128 patients randomized to avatrombopag and 76 patients to placebo arms. The efficacy results indicated that in the ADAPT-1 study, 65.6% of patients who received 60 mg avatrombopag (baseline platelet counts <40 × 10 9 /L) and 88.1% of patients who received 40 mg avatrombopag (baseline platelet counts 40 × 10 9 /L to <50 × 10 9 /L) met the primary endpoint compared with 22.9% and 38.2% of patients receiving placebo, respectively (P < .0001 for both). In the ADAPT-2 study, 68.6% of patients who received 60 mg avatrombopag (baseline platelet counts <40 × 10 9 /L) and 87.9% of patients who received 40 mg avatrombopag (baseline platelet counts 40 × 10 9 /L to 10 Clinical Medicine Insights: Blood Disorders <50 × 10 9 /L) met the primary endpoint compared with 34.9% and 33.3% of patients who received placebo, respectively (P < .001 for both). Avatrombopag led to a measurable increase in platelet counts and increased the proportion of patients who achieved the target platelet count ⩾50 × 10 9 /L on procedure day as compared with placebo. Similarly, another phase-III trial evaluating the efficacy and safety of avatrombopag is reported by Michelson et al. 76 The study involved 30 adult patients whose thrombocytopenic condition is associated with CLD and registered at US sites in phase III of ADAPT-1 (NC 01972529) and ADAPT-2 (NCT01976104) studies. The results of the study demonstrated that in its once-daily dosing, avatrombopag, at both 60 and 40 mg, was able to produce a 2-fold increase in the platelet counts on day 10 as compared with the placebotreated group. However, there is no increase in platelet activation in avatrombopag-treated patients at both 60 and 40 mg daily doses administered to the patients as compared with the placebo-treated group. This was evaluated by measuring platelet surface P-selectin and platelet surface-activated GPIIb-IIIa. Accordingly, the findings indicated that platelet reactivity at day 4 or 10, as measured by platelet surface P-selectin and platelet surface-activated GPIIb-IIIa after low and high concentrations of adenosine diphosphate (ADP) or thrombin receptor activating peptide (TRAP), was not further increased in avatrombopag-treated patients as compared with placebo-treated patients.
Another phase-III trial designed as core study and extension phase that conducted by Jurczak et al 77 concerning with the efficacy and safety of avatrombopag 20 mg/day in an adult with CITP demonstrated that avatrombopag was found to be superior to placebo in the cumulative number of weeks of platelet response. Moreover, the trial showed that significantly longer duration of platelet counts ⩾50 × 10 9 /L in the absence of rescue therapy was observed with avatrombopag as compared with placebo (median: 12.4 vs 0.0 weeks; Mean: 12.0 vs 0.1 weeks; P < .0001). In addition, more patients in the avatrombopag-treated group (21/32, 65 .6%) had a platelet response at day 8 than in the placebo-treated group (0/17, 0.0%, P < .0001). Although statistically not significant (N = 22, P = .1348) because of a small number of patients who used ITP medication, patients in the avatrombopag-treated group reduced the use of concomitant ITP medication from baseline as compared with placebo-treated patients (33.3% vs 0%, respectively; 95% confidence interval, 9.48-57.19) . The durable platelet response rate was significantly greater in avatrombopag-treated patients as compared with those receiving placebo (34.4% vs 0.0%; P = .009; 95% confidence interval, 17.92-50.83). The median platelet count by a visit in avatrombopag-treated patients was reliably higher than that of the placebo-treated group starting at day 8 (80.5 vs 8 × 10 9 /L), whereas the median platelet count for the placebo-treated group remained unaltered throughout the core study. Therefore, several clinical trials are underway in evaluating the safety and efficacy of avatrombopag in patients with CLD, ITP, anticancer-induced thrombocytopenia, as well as pharmacokinetics and pharmacokinetic/pharmacodynamic (PK/PD). The most common primary endpoints were the proportion of subjects who had platelet counts greater than or equal to 50 × 10 9 /L or at least ⩾20 × 10 9 /L increase from baseline ( Table 2 ).
Pharmacokinetics of Avatrombopag
According to a phase-I study conducted to evaluate the pharmacokinetics and PK/PD of avatrombopag in Japan using Japanese and white ethnic group patients, the maximum plasma concentration of avatrombopag after administration of a single dose of 20, 40, and 60 mg in the fed state was obtained 6 to 8 hours later. There are no significant variation in terms of half-life between the Japanese (16-17 hours) and white ethnic (18 to 19 hours) groups. However, the maximum concentration (C max ) of the drug achieved in plasma for 40 and 60 mg doses of avatrombopag was slightly larger for the Japanese ethnic group as compared with white subjects involved in the study. Accordingly, Japanese C max was 29% larger than that of white subjects, whereas area under the curve (AUC) is almost the same for both ethnic groups at 40 and 60 mg doses. For the doses stated, the ratios of the percentage of AUC for Japanese to white subjects were 108% and 104%, respectively. Consumption of food that is rich in fat contents tends to decrease variation in PK of avatrombopag expected to be observed within the subject and between the subjects. In Japanese subjects, when comparing fed and empty (fasted) state, the least square mean values for 40 and 60 mg doses were 83.9% vs 96.2% for C max , 91.9% vs 108% for AUC as well as in white subjects, 132% vs 144% for C max , whereas that of AUC 156% and 180%, respectively. On the contrary, t max of avatrombopag in any of the ethnic groups did not influence by a meal that is rich in fat for both 40 and 60 mg doses. 78 Although platelet response change is not sound, the polymorphism (*2, *3) observed was related to a high risk of PK variability. Avatrombopag is known to be a substrate for cytochrome P450, CYP2C9, and CYP3A. Co-administration of a single dose of 20 mg of avatrombopag with fluconazole demonstrated increment in the terminal half-life from 19.7 to 39.9 hours and causes a 1.66-fold increase in the maximum platelet count. Nevertheless, co-administration of rifampicin resulted in a 0.5-fold decrease in AUC and terminal half-life (from 20.3 to 9.84 hours). 79
Toxicological Profiles of Avatrombopag
According to the Jurczak et al report of phase-III study of avatrombopag efficacy for CITP, the tendency of any bleeding event that occurred during the study was not statistically significant between the controlled group and avatrombopag-treated group (43.8% vs 52.9%, P = .5394). All observed bleeding events were graded to be World Health 
NCT00625443
Phase ii This is a nonrandomized study used to determine the safety and efficacy of AKR-501 administered in participants with chronic iTP who were enrolled into and completed 28 days of study treatment in Protocol 501-Cl-003 (NCT00441090)
Placebo Avatrombopag tablets Number of participants with treatment-emergent adverse events-from day 1 to 6 months while receiving the treatment and 7 months after discontinuation of treatment incidence of severe (Grade 3 or 4) treatment-emergent adverse events-from day 1 to 6 months while receiving the treatment and 7 months after discontinuation of treatment incidence of drug-related treatment-emergent adverse events-from day 1 to 6 months while receiving the treatment and 7 months after discontinuation of treatment
Completed
Abbreviations: CiTP indicates chronic immune thrombocytopenia; ClD, chronic liver disease; iTP, immune thrombocytopenia; PD, pharmacodynamics; PEG-iFN, pegylated interferon; PK, pharmacokinetics. Table 3 . Common adverse events reported by 3 trials conducted on avatrombopag. Drug therapy-related TEAEs 7 (14.6%) 12 (13.5%) 2 (6.3%) 4 (6.9%) 9 (20.9%) 6 (8.6%) 2 (6.1%) 4 (7.0%) -- 
ADvERSE EvENTS
Dysgeusia - - - - - - - - - - Flatulence - - - - - - - - - - Diarrhea
